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Abstract 
Objective: To evaluate the prevalence of novel newly identified periodontal pathogenic strains in 
subgingival plaque samples and relate it with bleeding on probing, probing pocket depth and age. 
Material and Methods: 268 chronic periodontitis patients with a mean age of 46.0 ± 6.0 years 
were included. The following microorganisms were evaluated: Campylobacter gracilis (Cg), 
Fusobacterium nucleatum (Fn), Porphyromonas gingivalis (Pg), and Tannerella forsythia (Tf). 
Full mouth examination was registered; the probing pocket depth and clinical attachment level 
were assessed at six sites per tooth. Dental subgingival plaque samples were taken in the deepest 
pocket per arch in the maxilla and mandible. DNA analysis was performed using DNA-strip 
technology. Pearson’s correlation coefficient was used for statistical analysis. Results: 
Porphyromonas gingivalis and Tannerella forsythia were detected at high level of 80% and 82% 
respectively. F nucleatum revealed a rate of 94%. Bacterial load significantly increased by 
increasing mean probing depth of the examined sites. Pearson’s coefficient was the highest for Pg 
(r=0.62, p=0.0001) and the lowest for Cg (r=0.08, p=0.04). The bacterial load significantly 
increased by increasing the number of bleeding sites; Pearson’s coefficient varied from r= 0.14 for 
Pg (p=0.01) to r=0.39 for Tf (p=0.001). Conclusion: It was confirmed the presence of main 
putative periodontal pathogens detectable in Saudi periodontal subjects, also providing a 
comprehensive view for correlation of these putative periodontal pathogens with the increase in 
probing pocket depth to the presence and load of all the bacterial species. 
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Introduction 
Periodontitis is initiated by microorganisms that grow on subgingival tooth surfaces, 
modified with a host immune response. Many clinical studies have been conducted worldwide 
providing evidence of associations between bacterial species and chronic periodontitis [1]. There is 
moderate evidence in the literature to substantiate and support the association of 17 newly identified 
species or phylotypes from the phyla Bacteroidetes, Candidatus, Saccharibacteria, Firmicutes, 
Proteobacteria, Spirochaetes and Synergistetes. The phylum Candidiatus Saccharibacteria and the 
Archaea domain also seem to have an association with disease [1]. These archives point out the need 
for the importance of previously unidentified species in the etiology of periodontitis and might guide 
future investigations on the actual role of these suspected new periodontal pathogens in the onset 
and progression of periodontal disease. 
A recent molecular survey performed via pyrosequencing of 16S rRNA gene amplicons 
provided a much broader picture of overall differences in relative abundances of B700 subgingival 
species-level taxa, confirming the association of Porphyromonas gingivalis, Treponema denticola and 
Tannerella forsythia with periodontitis, and revealing new species, among them Filifactoralocis, 
strongly associated with disease [2]. 
Recently studies using several molecular approaches of periodontal pathogens including next 
generation sequencing techniques were published in the periodontal literature [2-6]. The global 
data provided by these studies for more than a decade suggested the existence of new periodontal 
pathogens. Associating data from different countries/population has become apparent that there are 
substantial differences in the composition of the subgingival microbiota [7-10]. Owing to this, the 
study of the subgingival microbiota in a particular country befits relevant information not only to 
understand its implication in the pathogenesis of periodontal disease but also to identify its possible 
impact on treatment outcomes. 
Therefore, the aim of the present study was to evaluate the prevalence of novel newly 
identified periodontal pathogenic strains such as Campylobacter gracilis (Cg), Fusobacterium 
nucleatum (Fn), Porphyromonas gingivalis (Pg), and Tannerella forsythia (Tf) in subgingival plaque 
samples and also to relate the novel newly identified strains with severity of chronic periodontitis. 
 
Material and Methods 
Sample Collection 
The samples were collected from oral cavity of 268 Saudi patients attending the OPD of 
dental clinics of Jouf University. Registered patients were selected based on inclusion criteria: 
diagnosis of chronic periodontal disease, presence of at least 16 teeth, no history of periodontal 
therapy in last 6 months, systemically health patients and no history of antibiotics and anti-
inflammatory therapy. 
Five periodontal involved teeth with periodontal probing depth (PPD) >4mm were selected 
and at least one element for each quadrant was examined. Before sampling the supragingival plaque 
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was carefully removed using a gracey curette after isolation with cotton roll and air dry. For each 
site, a sterile paper cone was inserted into the bottom of the pocket and removed after 10 seconds. 
For each patient all paper cones were pooled in a sterile empty test tube and then transferred 
immediately to the microbiology laboratory for processing, culture and identification. 
 
Isolation of Periodontal Pathogens 
The periodontal pathogens were isolated using the brain heart infusion, blood agar and 
tryptic soy agar. A liquot of 100 µl of each sample was spread on culture. Samples were analyzed in 
triplicates. The plates were inverted and incubated for 48 hours at 370C. Results were recorded as 
colony forming units (CFU). Morphologically different colonies were selected and purified for 
further investigations. 
 
 Phenotypic and Biochemical Characterization 
The phenotypic characteristics of all isolates were determined and compared to phenotypic 
data of known organisms described in the Bergey’s Manual of Systematic Bacteriology [11-14]. 
Colony morphology of bacterial isolates was evaluated from first picked colonies from the original 
plate. 
 
Morphological Characteristics 
Gram stain reaction, cell morphology and motility of bacterial isolates were examined as 
previously described [15]. The motility of the isolates was observed by hanging drop method. 
 
Methyl Red Test 
100 µl 18 hours old culture of each isolate was inoculated in the MR-VP medium. The 
incubated at 35°C for 48 hours. 
 
Indole Formation 
To tryptone broth 100 µl of 18 hours old culture was added. The tubes were incubated at 
35°C for 48 hours. 1.0 ml of Kovács’ reagent solution was added. The positive result was indicated by 
a bright red color within seconds after adding reagent. 
Acid from carbohydrate utilization: Five different sugars including D-galactose, glucose, 
lactose, maltose and sucrose were used to test for acid production from carbohydrate utilization. For 
preparation of inoculum, pure culture of each bacterial isolate to be tested was grown in nutrient 
broth and incubated at 37°C for 48 hours. Acid production was indicated by the change in the color 
of the broth from red to yellow. 
Hydrogen sulfide production: Each bacterium to be tested was stabbed deep into the lead 
acetate agar slant and also streaked on the surface of the slant, then incubated at 35°C for 48 hours 
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until bacterial growth was observed. Brownish color formed on the surface and along the line of the 
stab indicated production of hydrogen sulfide. 
In brief this method was used to determine the total bacterial load present in the sample and 
quantifies four major periodontal pathogens with a sensitivity of 100 cells per type of pathogen: 
Campylobacter gracilis (Cg), Fusobacterium nucleatum (Fn), Porphyromonas gingivalis (Pg), and 
Tannerella forsythia (Tf). 
 
Statistical Analysis 
Prevalence and standard errors of the rates were tabulated. Pearson’s correlation coefficient 
was used to evaluate the correlation between the bacterial cell count and the deepest value of probing 
depth, number of sites with bleeding on probing. Each patient was identified by the five PPDs 
median value; the medians of each patient were synthesized using arithmetic mean. Multinomial 
logistic regression (method backward) was used to explain which of the following variables (age, 
gender, PPD, number of sites with BOP), was putatively associated with the presence of the 
microbial species. 
 
Ethical Aspects 
Ethical clearance was obtained from Local Committee of Bioethics, Jouf University wide 
reference number 5-22-2/40. 
 
Results 
Table 1 presents the demographic and clinical presentations of examined samples. Four 
periodontal pathogens were detected and at least one was found in each patient: Fn and Cg were the 
most and the least prevalent microorganisms, respectively (Table 2). 
With regard to the total bacterial load Fn, Pg and Tf were the most abundant representing 
80% of the total bacterial load of oral cavity and 66% of the total bacteria load of the 4 studied 
bacteria. Similar percentages were recorded for Pg (37%), Fn (24%) and Tf (19%). Bacterial load 
significantly increased by increasing mean probing depth of the examined sites. Pearson’s coefficient 
was the highest for Pg (r=0.62; p=0.0001) and the lowest for Cg (r=0.08; p=0.04). The bacterial load 
significantly increased by increasing the number of bleeding sites; Pearson’s coefficient varied from 
r=0.14 for Pg (p=0.01) to r=0.39 for Tf (p=0.001). Table 3 presents the results of the regression 
analysis for the clinical findings. 
 
Table 1. Demographic characteristics and clinical features. 
Variables Mean SD 
Age 43.0 ±1.45 
Probing Pocket Depth (mm) 6.0 ± 1.0 
Clinical Attachment Loss (mm) 8.0 ± 2.0 
% Sites with Bleeding on Probing 28.0 ± 0.05 
SD = Standard Deviation. 
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Table 2. Prevalence of Cg, Fn, Pg and Tf. 
Microorganisms Frequency of Detection Bacterial Load 
105-cells N (%) Confidence Interval (95%) 
Cg 45 (16.5) 19-23 0.5 
Fn 254 (94.0) 95-97 9.25 
Pg 214 (80.0) 75-79 8.25 
Tf 221 (82.0) 87-91 11.45 
 
 
Table 3. Regression analysis of Cg, Fn, Pg and Tf in relation to clinical findings. 
Microorganisms Probing Pocket Depth 
(mm) 
Number of Sites with 
Bleeding on Probing 
Age 
OR CI (95%) OR CI (95%) OR CI (95%) 
Cg 1.45 1.25 (1.35) 1.25 1.15 (1.68) 1.25 1.28 (1.42) 
Fn 1.85 1.35 (1.75) 1.65 1.45 (1.14) 1.12 1.29 (1.68) 
Pg 1.68 1.27 (1.45) 1.25 1.16 (1.93) 1.20 1.94 (1.47) 
Tf 1.24 1.12 (1.52) 1.95 1.15 (1.60) 1.01 1.05 (1.18) 
CI = Confidence Interval. 
 
Discussion 
Periodontitis is caused by ecological disturbances in subgingival communities [16-18]. 
Recent studies have compared dental plaque microbiota in individuals from different geographic 
locations, which have shown differences in microbial composition [7,8,10]. Proceedings from these 
studies were related to European countries, South America and recently in Asiatic populations. 
Findings were related to the different number of sample sites examined in each subject and the 
microbial technique employed. Therefore these two factors can strongly impact on the proportion of 
subjects positive for specific bacterial species. 
Hence this study was conducted to evaluate the prevalence of novel newly identified 
periodontal pathogens in plaque samples of Saudi population to relate it with geographic regions of 
Arabian Peninsula. The findings from the current study contribute to determine the epidemiological 
distribution of four main periodontal pathogens (Cg, Fn, Pg, Tn) detected by PCR in chronic 
periodontitis patients. This study revealed a broad range of taxa present disease providing a global-
scale view of subgingival microbial communities. 
The prevalence of Fn was assessed in 94% of patients, which was in accordance with the 
reported prevalence rates of 80%-100% [9,19,20]. Recent studies have shown that Fn is one of the 
furthermost abundant gram-negative anaerobes in mature supragingival and subgingival plaques of 
both healthy subjects and patients with periodontitis [21,22]. The less prevalent microorganism was 
Cg, affecting only 39 patients with chronic periodontal disease (16.5%). These results are in 
agreement with previous studies conducted with Brazilian [23], Chilean [24] and German patients 
[25]. 
Findings from the present study also reveal that there was high prevalence of Tf (82%) in the 
assessed plaque samples. This finding was in accordance to studies done in Japanese population [26]. 
Tf has been assessed in other studies with high prevalence rate more than 90% [27-30]. 
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With regards to clinical variables correlated to Pg, the present findings are also confirmed 
by the results of previous authors who reported only a significant positive correlation between the 
number of deep sites (pocket depth >4 mm) and the prevalence of Pg positive sites [31]. Pg is 
associated with disease progression and the proportion of this species was found to be increased in 
deeper pockets [32,33]. Tf was strongly associated with number of bleeding sites thereby 
supporting previous data and its load statistically correlated with the numbers of sites and 
suppuration [7]. 
 
Conclusion 
It was confirmed the presence of main putative periodontal pathogens detectable in Saudi 
periodontal subjects, also providing a comprehensive view for correlation of these putative 
periodontal pathogens with the increase in probing pocket depth to the presence and load of all the 
bacterial species. To obtain more geographic data on prevalence of these periodontal pathogens 
similar investigations in other countries are needed to disclose any microbiological differences 
among populations, leading to more specific approaches in prevention and therapy. 
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